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Although t h e  pas t  few years  have seen a tre- 
mendous growth i n  t he  study of inner-she l l  ioni -  
za t ion  phenomena t h e r e  has  been r e l a t i v e l y  l i t t l e  
work done wi th  h igh  v e l o c i t y  heavy p a r t i c l e s .  A 
primary reason f o r  t h i s  was t he  b e l i e f  t h a t  i n  t h i s  
domain the  Plane-Wave-Born Approximation (PWBA) 
would give an adequate desc r ip t ion  of  t he  d a t a  
s o  t h a t  no use fu l  information would r e s u l t .  Re- 
cen t l y  however, Reading and h i s  co l l abo ra to r s  have 
published a s e r i e s  of  papers1 c a l l i n g  t h i s  as-  
sumption i n t o  quest ion.  These papers suggest  t h a t  
a  t e s t  of  t h e i r  new theo r i e s  would come from a s tudy 
of t he  r a t i o  of  a lpha  p a r t i c l e  and deuteron in -  
duced ion i za t ion  a t  equal  p r o j e c t i l e  v e l o c i t i e s .  
I n  order  t o  t e s t  these  p red i c t i ons  we have begun 
a s tudy of inner  s h e l l  i on i za t ion  wi th  these  pro- 
j e c t i l e s .  
Self-support ing t a r g e t s  of C r ,  Mn, Fe, N i ,  
Cu, Zn, Mo, Ag, Sn, Ta, P t ,  and Au, a l l  approxi- 
mately 1 mg/cm2 th ickness  were bombarded wi th  
66 MeV deuterons and 132 MeV a - p a r t i c l e s  i n  t he  
low i n t e n s i t y  cave of t he  Indiana Universi ty Cyclo- 
t ron .  C h a r a c t e r i s t i c  K- and L- s h e l l  x-rays were 
de tec ted ,  a t  900 t o  t he  beam d i r e c t i o n ,  wi th  a Ke- 
Vex S.i(Li) x-ray de t ec to r .  The d a t a  were s t o r e d  on 
magnetic tape  and analyzed a t  Ohio S t a t e ,  using 
Gaussian peak - f i t t i ng  rou t ines  t o  e x t r a c t  K, and KB 
y i e l d s ,  a s  w e l l  as L-subshell y i e l d s  f o r  t h e  heav ie r  
elements. The s p e c i f i c  method f o r  obta in ing  cross  
s e c t i o n s  from the  x-ray y i e l d s  has  been descr ibed  
before. 
The t o t a l  K and L s h e l l  c ross  s e c t i o n s  were 
considerably l a r g e r  than a v a i l a b l e  t h e o r e t i c a l  
e s t ima te s  used t o  design the  experiments. Hence, 
t he  counting r a t e  was much h igher  than an t i c ipa t ed ,  
n e c e s s i t a t i n g  the  use of  very low beam cu r ren t s  
(= 100 pa) t o  ob ta in  low count r a t e s  and h igh  
r e so lu t ion .  This makes t h e  charge i n t e g r a t i o n  
very suspect  and hence only r a t i o s  of  va lues  can 
be taken wi th  any assurance.  We have s t i l l  been 
a b l e  t o  e x t r a c t  s i g n i f i c a n t  new information from 
the  da ta .  S tudies  a r e  cu r r en t ly  underway t o  over- 
come t h i s  i n t e g r a t i o n  problem. 
The d a t a  has  a l ready provided s e v e r a l  new re- 
s u l t s .  For t he  heavy elements, Ta, Au, and P t ,  one 
can ob ta in  i nd iv idua l  L s u b s h e l l  c ross  s ec t ions .  One 
d 
can then form the  r a t i o  4 aj/oEj- I f  one fo rces  
t h i s  r a t i o  t o  be  one f o r  t he  L1 s u b s h e l l  ( t h e  PWBA 
value) the e f f e c t s  of  beam i n t e g r a t i o n  a r e  removed. 
Having done t h i s ,  we f i n d  t h a t  t he  r a t i o s  f o r  L2 
and L3 show s i g n i f i c a n t  (= 10%) depar tures  from the  
PWBA pred ic t i ons ,  which a r e  y e t  unexplained. 
Reading's theory1 is, unfor tunate ly ,  n o t  y e t  formu- 
l a t e d  f o r  t he  L-shell.  
Another i n t e r e s t i n g  a r e a  of s tudy is  the  KaIKB 
r a t i o s  f o r  var ious  t a r g e t s .  Within t he  s t a t i s  t i c s  
of  t h e  experiment ( u s u a l l y <  2%) we f i n d  t h e  K ~ / K B  
r a t i o s  t o  be t he  same f o r  a lpha  and deuteron in -  
duced ion i za t ion  bu t  t o  show a s i g n i f i c a n t  sys te-  
mat ic  depar ture  from r a t i o s  measured by e l e c t r o n  
and photon induced ion i za t ion ,  a s  we l l  a s  t h e o r e t i c a l  
ca l cu l a t i ons .  I n  p a r t i c u l a r  t he  heavy p a r t i c l e  in-  
duced r a t i o s  a r e  much h igher  i n  t he  v i c i n i t y  of  
Z = 24-30 and gradual ly  go over t o  t he  photon re-  
s u l t s  nea r  Z = 46-50. This suggests  t h a t  a process 
l i k e  mul t ip le  i on i za t ion  is  a f f e c t i n g  the  heavy par- 
t i c l e  r e s u l t s  i n  t h e  l i g h t e r  atoms. 
I n  t he  f u t u r e  we hope t o  improve the  charge in-  
t eg ra t ion ,  t o  be ab l e  t o  d i r e c t l y  compare alpha and 
deuteron r e s u l t s  a t  t he  same ve loc i ty ,  and t o  measure 
more elements i n  t he  Z = 30 t o  40 region t o  study the  
sys temat ics  of t h e  Kcr/KB r e s u l t s .  
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